To investigate diagnostic accuracy of 2-hour protocol of rest thallium-201/stress technetium-99m sestamibi dual-isotope myocardial perfusion SPECT in chronic coronary artery disease. Sixty-seven patients with suspected CAD were enrolled in the prospective study. All patients underwent myocardial perfusion scintigraphy in SPECT with dual isotopes of Tl-201 and dipyridamole stress Tc-99m sestamibi. Rest and stress imaging protocol were performed in 2 hours by dose of 3 mCi Tl-201 and 25 mCi Tc-99m sestamibi. The acquisition parameters includes LEHR collimator, energy peak of 72 and 167 keV for Tl-201 and 140 keV for Tc-99m, 180-degree rotation from RAO to LPO, matrix size 6464, and 25second/frame/64 frames. The 20-segment model of left ventricle was used in automatic quantitation software. Coronary angiography was used as gold standard. CAD was defined as 50% of lumen stenosis on coronary angiography. Rest Tl-201/stress tc-99m sestamibi dual-isotope SPECT demonstrated a sensitivity of 94.59% and specificity of 70%, positive predictive value of 79.54% and negative predictive value of 91.3% in detection of coronary artery disease. Sensitivity and specificity for detecting multi-vessel coronary artery disease were 82.75% and 81.57% for the left anterior descending, 77.77% and 91.83% for left circumflex and 94.11% and 82% for right coronary artery. 2-hour protocol of rest thallium-201/stress technetium-99m sestamibi dual-isotope myocardial perfusion SPECT has high sensitivity, specificity, positive predictive value and negative predictive value in detecting chronic coronary artery disease with greater than 50% stenosis assessed by coronary angiography. Moreover, this imaging protocol gives high imaging quality, time-saving and convenience.
Introduction


Although there was advanced treatment for coronary artery disease, this disease is still one of main mortality causes in the world.
Therefore, continuously improved diagnostic methods for detecting early ischemic heart disease are necessary. Coronary angiography is gold standard for diagnosis of ischemic heart disease, but it is an invasive method. Now, there are many non-invasive diagnostic methods for detecting ischemic heart disease such as: stress electrocardiography, stress echocardiogram or nuclear methods such as myocardial perfusion SPECT (single photon emission computed tomography) or PET (positron emission tomography) with different isotopes. Myocardial perfusion SPECT is advantage non-invasive study that not only accessing perfusion, but also accessing heart function, viability and prognostic as well.
In recent 20 years, nuclear cardiology has been developed strongly and there are many researches about using myocardial SPECT for detecting ischemic heart disease. Routine imaging procedure of myocardial perfusion SPECT can be acquired with thallium or with any 99mTc-labeled radiopharmaceutical. In more than recent 10 years, dual-isotope technetium-99m and Thalium-201 imaging procedure lasted 2 hours demonstrates high diagnostic values for detecting ischemic heart disease. Dual-isotope SPECT myocardial perfusion scintigraphy was introduced in 1993 with Tl-201 at rest and Tc-99m sestamibi (MIBI) at stress. Since that time, this protocol has become widely used for the diagnosis and assessment of prognosis in patients with known or suspected CA (coronary artery) disease in a wide variety of clinical settings. 
Patient and Methods
Patient Population
From a consecutive series of patients who underwent a study of myocardial perfusion SPECT with Rest thallium-201/stress technetium-99m sestamibi dual-isotope imaging procedure and coronary artery angiography, 67 were selected and represent the population of this study.
The criteria to enter the study were as follows: (1) suspected coronary artery disease (2) and agree to attend this research.
The criteria to exclude the study were as follows: (1) recent myocardial infarction (< 1 month), (2) unstable angina, (3) congestive heart failure occurring 1 month before the study, (4) valve heart disease, (5) arrythmiasm (block AV II or III, sinus node disfunction), (6) unstable hypertension, (7) scleroderma, (8) hyperthyroid, (9) severe fever, (10) severe underlying diseases, (11) chronic obstructive pulmonary disease. All patients were in stable hemodynamic condition over the study period.
Study Protocol
Baseline studies included 2-hour protocol of rest thallium-201/stress technetium-99m sestamibi dual-isotope myocardial perfusion SPECT and coronary angiography.
The rest study is usually performed first. 3milicuries In all patients, calcium antagonist, digoxin and oral nitrates had been withdrawn for at least 48 hours, β-blockers for at least 72 hours, and transdermal nitrates for at least 12 hours before the protocol study. Theophylline and caffeine also had been withdrawn for at least 24 hours before the protocol study.
Informed consent was obtained form each patient before the protocol study (which was approved by the institutional ethical committee) [17] [18] [19] [20] .
Coronary Angiography
All angiograms were analysed by an investigator blinded to dual isotopes perfusion SPECT data. Coronary angiographic result was gold standard of chronic coronary artery disease.
Vessel stenosis was defined in left main, LAD (left anterior descending coronary), RCA (right coronary artery), LXC (left circumflex artery) and stenosis diameter ≥ 50% was significant stenosis and positive result. Collateral circulation was also defined dominantly in right or left circulation [2, 8, 9] .
Dual Isotopes Imaging
All patients underwent rest Tl-201/stress Tc-99m sestamibi tomography as previously described. Alignment and analysis of the study were visually made by operator who was unaware of the echocardiography result and coronary angiography result.
5-point scoring system (0, normal uptake; 1, mild defect; 2, moderate defect; 3, severe defect; and 4, absent tracer uptake) was used to compute a summed CA stenosis criteria ≥50%. 
Discussion
Our study comprised of 67 cases underwent MPI Dual Isotopes SPECT and PTCA, average age of male is 59 years old and female is 57 years old, in which male patients is majority (73,1%). And majority of patients has normal BMI, dominant CAD risk factor is dyslipidemia (88,1%), side effects are relating to dilating side effect of Dipyridamole that is usually tachycardia (62,7%). This study does not regconize correlation between Dipyridamole, LVEF and perfusion defect level of MPI SPECT [1, 2, 23] . However, dyskesinia of Echocardiography has meaningful correlation with result of MPI SPECT and PTCA.
44 cases of MPI Dual Isotopes SPECT is positive (65,7%) and 23 cases is negative (34,3%), sensitivity and specificity of MPI Dual Isotopes SPECT is 94,6% and 70% respectively. Sensitivity of this study is higher than sensivitity of studies of Kiat, Iskandrian, Chae, Van Train, Rubello, Hambye, Santana Boado, Elhendy and Wackers Fran J.TH (94,59% with 93%, 82%, 71%, 89%, 93%, 82%, 87%, 91%, 76% and 88% respectively). However, sensitivity of this study is lower than sensitivity of studies of Kahn, Solot and Azzarelli (94,59% with 95%, 97%, 95% respectively). Specificity of this study is same as specificity of Wackers Fran J. TH (70%) [11, 12, 14, 15, 19, 22, 24, 25] . So that, there are many studies on sensitivity and specificity of MPI SPECT for diagnosis ischemic heart disease, difference of these values was explained by referral bias and gold standard -PTCA.
Positive-stenosis level of CA assessed by gold standard -PTCA effects on sensitivity and specificity of MPI SPECT. 50% or 70% positive-stenosis of CA depends upon definition of every study.
Berman et al. [3] [4] [5] [6] evaluated the sensitivity and specificity of a novel dual-isotope procedure characterized by injection of 3.5 mCi of Tl-201 at rest with image acquired 10 minutes later, followed by immediate exercise sestamibi imaging utilizing 20 to 30 mCi of tracer injected at peak exercise. This study reavealed sensitivity and specificity 91% and 75%, respectively for this technique for CAD detection (≥ 50% stenosis). These values were 96% and 82% when ≥ 70% stenosis was used as criterion for CAD detection.
We regconized that sensitivity of our study is higher than sensitivity of Berman DS. Study (94,6% with 91%), however, specificity of our study is lower than specificity of Berman DS. study (70% with 75%).
Rejection some cases with negative myocardial perfusion SPECT and subsequently without PTCA was one of causes to explain this difference, which was referral bias [10, 12, 13, 20] .
Rest Tl-201 and stress Tc99m mibi myocardial perfusion SPECT study of Heo et al revealed 77% sensitivity and 65% specificity, that is lower than sensitivity and specificity in our study. Heo's study was comprised of suspected ischemic heart disease and non-significant stenosis of CA, which effected on value of sensitivity and specificity [11] .
Some authors proposed value "normalcy rate" [24] . So that, majority of results showed that the sensitivity for detecting LAD stenosis was highest. The discrepancy may be explained by cases of false positive SPECT myocardial perfusion regarding to LAD, so that sensitivity for diagnosing LAD decreased subsequently.
Rest Th
In our study, the sensitivity for diagnosing stenosis of LCX is lowest. The detecting perfusion defect segments relating to LCx is more difficulty than these to LAD and RCA, even as using qualitative analysis. This may be explained myocardial segments perfused by LCx is posterior and far from imaging detector and artifacts caused by diaphragm and breast.
In our study, the specificity for diagnosing LCX stenosis was higher than this LAD and RCA stenosis (91.8%, 81.6% and 82%, respectively). The study of Nishu et al. on 101 patients also revealed result same as our study [22] .
Sensitivity and specificity in our study were same as or higher than these in studies used mono-isotope SPECT myocardial perfusion scintigraphy [11, 12, 14, 15, 19, 22, 24, 25] .
Imaging protocol of rest Tl-201 and stress Tc-99m mibi dual-isotope SPECT myocardial perfusion scintigraphy in our study was conducted among only 2 hours with optimal picture quality, which is significant for solving patient congestion at public urban hospitals in Vietnam.
Study Limitations
The generalizability of our findings is a potential limitation, as it is a single-site study. Refferal bias may be effect on specificity in our study. Our study was also limited because the number of patients was not too many.
Conclusion
Our study was the first study in Vietnam about 2-hour dual-isotope imaging protocol (rest Tl-201/stress Tc-99m mibi) myocardial perfusion SPECT in detecting of chronic coronary artery disease. The quality SPECT image, perfect imaging parameter as well as short imaging duration lasted only 2 hours is meaningful for solving overcrowded patients in Vietnam's central hospitals.
These results of our study suggest potentially complementary roles of non-invasive technique as dual-isotope myocardial perfusion SPECT scintigraphy in the detection of patients with suspected CAD.
